Dr:n/M^“r 


AD-A252  197 


•«.  iiiiv  tfiiu  dUDiiiie. 


UMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


**•''"•'**  *0  average  1  hour  per  response.  Including  the  lime  lor  reviewing  Insiructlons.  searching  existing  data  sources 
piling  af^ianewlng  the  colleclion  ol  Information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  oi 
reducing  this  widen,  to  Washington  Headquarters  Services,  Directorate  lot  Inlormation  Operations  and  Reports,  1215  Jellerson 
and  to  the  Olltce  ol  Management  and  Budget.  Paperwork  Reduction  Proiect  (0704-01881  Washington.  DC  20503 


2.  Report  Date. 
1991 


3.  Report  Type  and  Dates  Covered. 
Proceedings 


n  Electrochemical  Evaluation  of  Biofilms  and  Calcareous  Deposits  rormed 
lin  Natural  Seawater 


5.  Funding  Numbers. 

61153 

Program  f/emenf  No. 


6.  Author(s). 

rerxJa  Little,  Patricia  Wagner,  and  Florian  Hansfeld* 


7.  Performing  Organization  Name(s)  and  Address(es). 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 

Ocean  Science  Directorate 

Stennis  Space  Center,  MS  39529-5004 


Proiect  No. 


Accession  No. 


DN094463 


8.  Performing  Organization 
Report  Number. 


PR  90:088:333 


9.  Sponsoring/Monitoring  Agency  Name(s)  and  Address(es). 

Navat  Oceanographic  and  Atmospheric  Research  Laboratory 
Basic  Research  Management  Office 
Stennis  Space  Center,  MS  39529-5004 


10.  Sponsoring/Monitoring  Agency 
Report  Number. 

PR  90:088:333 


11.  Supplementary  Notes. 

Microbiatty  Influenced  Corrosion  and  Biodeterioration 
•University  of  Southern  California 


1 12a.  DistributionfAvallability  Statement. 


i  12b.  Distribution  Co 


Approved  for  public  release;  distribution  is  unlimited. 


1 13.  Abstract  (Maximum  200  words}. 

Electrochemical  impedance  spectroscopy  (EIS)  and  corrosion  potential  (E^^i.|.)  measurements  were  used  to  evaluate 
corrosion  reactions  on  stainless  steels  (SS),  Cu  and  Cu  alloys  during  exposure  to  natural  Pacific  Ocean  water. 
Additional  laboratory  measurements  were  performed  in  synthetic  seawater.  The  electrochemical  properties  of  SS  types 
304,  316,  and  A16X  did  not  change  at  open-circuit  potential  during  exposure  times  to  natural  seowater  over  four 
months.  The  electrochemical  properties  of  Cu  alloys  were  sensitive  to  exposure  time,  mass  transport,  and  electrolyte 
composition.  The  interpretation  of  biofilms  to  corrosion  of  stainless  steels  is  straightforward  while  that  for  the  Cu 
alloys  is  sure  complicated. 


92  6 


92-16574 


\J  \j 


14.  Subject  Terms. 

Biofouting,  corrosion,  biodeterioration,  electrochemistry 


15.  Number  ol  Pages. 

7 _ 

16.  Price  Code. 


17.  Security  Classification 
of  Report. 


I  Unclassified 

NSW  754Q.01-2eO-5500~ 


18.  Security  Classification 
ol  This  Page. 
Unclassified 


19.  Security  Classification 
ol  Abstract. 

Uriclassif  ied 


20.  Limitation  ol  Abstract. 


StandafO  Form  298  (Rev  2-89, 
PrtSCnDcd  ANSI  Std  239-10 
290-102 


MIC310BIALLY 
INFLUENCED  CORROSION 
AND  BIODETERIORATION 


Editors: 

Nicholas  J.  Dowlinp,  Marc  W.  Mittleman,  and  Joseph  C.  Danko 
The  University  of  Tennessee,  Knoxville 


>  iri/VS 


MPC 


I 


NSTITUTE 

•’Applied 

Aj|, 


z 

ICROBIOLOGY  ^ 


MICROBIALLY  INFLUENCED  CORROSION 
AND  BIODETERIORATION 


Editors 

Nicholas  J.  Dowling 
Marc  W.  Mittelman 
Joseph  C.  Danko 


Accesion  For 

NTIS  CRA&I 
OTIC  TAB 
U(ia.ii'.ou;'ceJ 
JustificatiO!) 


By 


Dist.  ibutiO''  / 


Dist 


Av Jiltl.jWity  C 

!  Avtij!  i,'.;: 


NOTICE 

■rtis  report  wis  prepared  by  the  MIC  Consortium,  consisting  of  the  organizations  listed  below.  Neither 
the  MIC  Consortium,  the  organizations  listed  below,  nor  any  person  acting  on  behalf  of  any  of  them:  (a) 
makes  any  warranty,  express  or  implied,  with  respect  to  the  use  of  any  information,  apparatus,  method, 
or  Prtxen  disclosed  in  this  book  or  that  such  use  may  not  infringe  privately  owned  tights;  or  (b)  assumes 
any  liabilities  with  respect  to  the  use  of,  or  for  damages  resulting  from  the  use  of.  any  information 
apparatus,  method,  or  process  disclosed  in  this  report. 

Institute  for  Applied  Microbiology  (lAM)  -  The  University  of  Tennessee.  Knoxville 
Center  for  Materials  Processing  (CMP)  -  The  University  of  Tennessee,  Knoxville 
American  Welding  Society  (AWS) 

Materials  Properties  Council  (MPC) 

National  Association  for  Corrosion  Engineers  (NACE) 


PREFACE 


Microbially  Influenced  Corrosion  (MIC)  is  a  process  in  which  man-made  materials 
deteriorate  through  microbiological  action.  This  process,  which  can  be  either  direct  or 
indirect,  has  been  recognized  for  several  decades  as  an  important  factor  in  determining 
the  serviceable  life  of  certain  materials.  Microbial  biodeterioration  of  a  great  many 
materials  (including  concretes,  glasses,  metal  alloys,  and  plastics)  occurs  by  diverse 
mechanisms.  It  is  extremely  difFicult  to  determine  the  true  economic  impact  of  microbial 
corrosion.  In  an  aqueous  environment  the  surface  chemistry  of  a  material  in  the  absence 
of  inhibitors  will  be  affected  by  microorganisms.  This  effect  may  result  in  catastrophic 
engineering  consequences,  as  in  the  case  of  cities  with  collapsing  concrete  sewage  systems 
br  leaks  in  welds  in  electric  utility  service  water  lines.  Other  less  dramatic  failures  due 
to  MIC  are  often  misidentified  and  left  uncorrected. 

Scientists  and  engineers  who  study  MIC  belong  to  groups  that  traditionally  do  nni  share 
the  same  curriculum  program  in  universities,  the  same  companies  in  industry,  nor  the 
same  agencies  in  government.  This  book  brings  together  the  combined  energies  and 
expertise  of  several  diverse  scientific  and  engineering  disciplines. 

The  chapters  contained  herein  evolved  from  papers  presented  at  the  International  Congress 
on  Microbially  Influenced  Corrosion,  held  (October  7-  12, 1990  in  Knoxville,  Tennessee. 
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-Abstract  -  Electrochemical  impedance  spectroscopy  (EIS)  and  corrosion  potential  (E„„)  measurements  were  used  to 
r\aluate  corrosion  reactions  on  stainless  steels  (SS),  Cu  and  Cu  alloys  during  exposure  to  natural  Pacific  Ocean  water. 
-Vddilional  laboratory  measurements  were  performed  in  synthetic  seawater.  The  electrochemical  properties  of  SS  types 
.ICM.  3lb  and  A16X  did  not  change  at  open-circuit  potential  during  exposure  limes  to  natural  seawater  over  four  months. 
The  electrochemical  properties  of  Cu  alloys  were  sensitive  to  exposure  lime,  mass  transport  and  electrolyte  composition. 
The  mlcrprelation  of  the  contribution  of  biofilms  to  corrosion  of  stainless  steels  is  straightforward  while  that  for  the  Cu 
alloys  IS  more  complicated. 


INTRODUCTION 

The  successful  application  of  electrochemical  impedance  spectroscopy  (EIS)  to  the  study  of 
yi'rrosion  protection  by  inhibitors''^  and  polymer  coatings^'*  suggests  that  similar  mechanistic 
titlorittalion  could  be  obtained  for  marine  biofilms  and  calcareous  deposits  on  mc’.J.  surfaces. 

.ind  EIS  spectra  were  monitored  for  SS  (304,  316,AI6X  )  99Cu,  90Cu-10Ni,  70Cu-30Ni.  Admiralty 
brass  and  Al  bronze  exposed  to  natural  Pacific  seawater  at  Port  Hueneme,  California.  Cu  alloys 
were  also  exposed  to  a  marine  culture  medium  inoculated  with  a  Cu-tolerant  bacterium. 

EXPERIMENTAL  RESULTS  AND  DISCUSSION 


Hiainless  Steels 

Laboratory  Studies  -  In  rotating  cylinder  electrode  (RCE)  experiments  using  SS304  in 
synthetic  seawater,  E„„  and  the  polarization  resistance  Rp  were  independent  of  rotation  speed  .  This 
result  is  consistent  with  a  charge  transport  controlled  oxygen  reduction  reaction  on  a  passive  surface. 

Unpolarized  Samples  -  SS  304,  316  and  A16X  were  exposed  to  natural  seawater  under  natural 
light  or  reduced  light  conditions.*-’  Samples  were  immersed  on  plastic  frames  with  minimal  contact 
between  the  samples  and  the  frame  to  avoid  the  formation  of  creviees.  Visual,  microscopic  and 
electrochemical  observations  verified  that  localized  corrosion  did  not  occur  during  the  four-month 
exposure.  E,.,„  did  not  change  over  a  four-month  exposure  to  flowing  natural  Pacific  seawater. 
Surface  analyses  with  scanning  electron  microscopy/energy-dispersive  x-ray  analysis  (SEM/EDAX) 
showed  uniform  biofilms  on  all  surfaces.  Other  investigators  *''®  have  reported  ennoblement  of  Eeo„ 
for  stainless  steels  as  a  result  of  marine  biofilms. 


Variations  in  Ej„„  for  the  stainless  steels  did  not  depend  on  exposur"  tirtie  or  light  conditions 
(Fig.  1).  Impedance  data  (Fig.  2)  were  entirely  capacitive  and  did  not  change  significantly  with  time 
and  exposure  conditions.  A  polarization  resistance  (R^)  in  excess  of  I  Mohni  .  cm'  was  estimated. 
Figure  3  is  a  summary  of  electrode  capacitance  (Qi)  data  calculated  from  impedance  spectra.  A 
slight  decrease  of  Cj,  with  time  was  observed,  however  the  same  trend  was  found  for  exposures  in 
synthetic  seawater.  The  water-like  structure  of  the  biofilm  makes  it  electrically  similar  to  the 
double  layer  formed  on  the  metal  surfaces  in  the  absence  of  a  biofilm. 

Polarized  Samples  -  EIS  spectra  determined  at  after  polarization  at  -850  mV  vs  SCE  for 
different  time  periods  in  natural  seawater  showed  large  changes  during  the  formation  and  growth  of 
the  calcareous  deposits,  as  confirmed  by  SEM.  After  5  days  the  scattered  calcareous  deposits  did 
not  produce  marked  changes  In  the  EIS  spectrum  as  compared  to  the  spectrum  for  an  unpolarized 
sample.  After  13  days  the  impedance  increased  at  higher  frequencies  and  two  time  constants 
corresponding  to  the  areas  covered  by  the  calcareous  deposit  and  the  uncovered  areas  were  observed. 
After  43  days  calcareous  deposits  covered  most  of  the  metal  surface  and  the  EIS  spectra  for  all  SS 
surfaces  were  dominated  by  calcareous  deposits.  These  data  have  been  summarized  in  Figure  4  for 
304SS. 

Copper  and  Copper  Alloys 

Laboratory  Studies  -  In  RCE  experiments  using  Cu  and  Cu  alloys  in  synthetic  seawater,  Ej,„ 
became  slightly  more  negative  and  Rj,  decreased  with  increasing  rotation  speed.  These  effects  result 
from  an  increase  of  the  rate  of  the  anodic  reaction  with  increasing  transport  of  Cl'  to  the  surface  and 
a  simultaneous  increase  of  the  rate  of  oxygen  reduction  reaction. 

Unpolarized  Samples  -  Impedance  spectra  for  unpolarized  99Cu,  90Cu-10Ni,  70Cu-30Ni, 
Admiralty  brass  and  AI  bronze  after  7  weeks  exposure  to  flowing  natural  seawater  were  complicated. 
A  comparison  of  EIS  spectra  for  70Cu-30Ni  exposed  to  natural  seawater  (curve  I),  abiotic  synthetic 
seawater  (curve  1)  and  a  bacterial  marine  culture  for  two  weeks  (curve  3)  is  presented  in  Figure  5. 
The  spectrum  for  the  sample  exposed  to  natural  seawater  has  a  complicated  shape  with  two  maxima 
for  the  phase  angle  in  addition  to  a  shoulder  at  low  frequencies  (Figure  5b).  The  spectrum  for 
exposure  to  abiotic  synthetic  seawater  is  simple  and  can  be  interpreted  as  the  combination  of  Cji 
with  Rp.  Differences  in  the  spectra  are  due  to  the  different  surface  properties  with  more  severe 
corrosion  occurring  in  natural  seawater.  The  spectrum  obtained  after  exposure  to  Cu-tolerant  bacteria 
(curve  3)  is  different  from  (he  other  two  curves.  This  sample  was  covered  with  a  uniform  biofilm 
and  did  not  show  significant  corrosion.  Cji  was  much  higher  than  for  the  other  two  exposures  and  li 
the  lowest  frequencies  a  diffusion  impedance  could  be  detected  by  the  frequency  dependence  of  the 
impedance  (Figure  5a)  and  the  minimum  of  the  phase  angle  (Figure  5b).  Spectra  for  all  five  Cu 
materials  showed  similar  variations  with  exposure  time  and  have  been  fitted  to  a  Randles-circuit 
using  the  ANALEIS-BASICS  software. 

Polarized  Samples  -  Spectra  for  the  polarized  samples  during  the  first  four  weeks  were 
similar  to  those  obtained  for  the  stainless  steels  (Figure  4),  suggesting  that  formation  of  calcareous 
deposits  proceeds  in  a  similar  manner.  Results  for  all  five  polarized  Cu-containing  metals  were 
similar  for  specific  exposure  periods.  The  EIS  spectrum  after  polarization  for  one  week  (curve 
I, Fig.  6)  were  similar  to  that  obtained  for  the  unpolarized  samples  (curve  1,  Fig.  5)  indicating  (hat 
calcareous  deposits  had  not  covered  the  entire  surface.  After  longer  polarizations,  impedance  data 
at  higher  frequencies  increased  sharply  due  to  increased  coverage  with  calcareous  deposits. 
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SUMMARY  AND  CONCLUSIONS 

Differences  in  the  effects  of  mass  transport  on  the  corrosion  kinetics  between  the  stainless 
steels  and  Cu  materials  demonstrate  that  conclusions  relative  to  the  impact  of  microorganinsms  on 
corrosion  kinetics  cannot  be  generalized.  The  corrosion  behavior  of  stainless  steels  during  exposure 
(0  flowing  Pacific  Ocean  water  differed  from  those  reported  by  other  investigators.  E„„  and  EIS 
data  did  not  show  any  significant  changes  between  unpolarized  samples  exposed  to  natural  or 
synthetic  seawater. 
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